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This invention relates to a process of forming a polymeric nanocomposite comprising a continuous polymeric phase 
formed from a melt processible polymer having a melt processing temperature equal to or greater than about 220 **C and platelet 
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MELT PROCESS FORMATION OF POLYMER NANOCOMPOSITE 

OF EXFOLIATED lAYERED MATERIAI. 

5 1. Field Of the Invention 

This invention relates to a process for forming a 
composite material comprising a polymer matrix having 
<iispersed -therein platelet particles, derived from 
svellable intercalated layered materials, and to 

10 composite material formed by the process of this 

invention. More particularly, this invention relates 
to such a process where the intercalated layered 
material has layers which are compatible with the 
polymer of the matrix, such that during the process the 

15 polymer-compatible layers of the intercalated material 
dissociate one from the other to form platelet fillers • 

2. Prior Art 

A specific category of polymer nanocomposites has 
20 been described as a composit*e material comprising a 

polymer matrix containing a polyamide having uniformly 
dispersed therein layers of silicate. Such 
nanocomposites are described in US Pat No. 4,739,007 
and No. 4,810,734, Deutsches Pat. 3808623 Al, Japanese 
25 Patent J 02 208358 A, and technical publications -by the 
patentees f J. Inclusion Phenomena 5, (1987), 473-483; 
Clay Minerals ^ 23 , (1988) ,27.; Polvm. Preprints . 32 . 
(April 1991), 65-66; and Polym. Prints . 28 . (August 

1987), 447-448. 

30 

SUMM2^Y OF THE IMVENTION 

This invention relates to a process for forming a 
polymeric composite which comprises platelet particles 
dispersed in a polymeric matrix which comprises the 
3 5 steps of: 

(a) forming a "flowable mixture" comprising a 
melt-processible polymer and a swellable and polymer- 
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strength and xaodulus, dispersed at sub-micron size 
(nanoscale) , impart greater mechanical reinforcement to 
the polymer matrix than do comparable loadings of 
conventional reinforcing fillers of micron si^e. 
5 Nanoscale barrier layers impart lower permeability to 
polymers than do comparable loadings of conventional 
barrier fillers ♦ 

The process of this invention exhibits several 
advantages over monomer blending and polymerizing 
io processes of the type described in U.S. Patent Nos. 

4,810,734 and 4,739,007, also referred to herein as in- 
reactor processes. These advantages include utility 
for a broader range of matrix polymers; utility for a 
wider range of composites having the same matrix 
15 polymer due to a larger selection of 

swelling/compatibilizing agents, each having a distinct 
bonding interaction with both the polymer and the 
platelet particle; and greater control over the 
molecular weight distribution of the matrix polymer. 
20 For example, virtually any polymer material that can be 
made to flow can be compounded with nanoscale particles 
derived from intercalated layered materials which 
exfoliate during mixing in accordance with the process 
of this invention. In contrast, the monomer blending 
25 and polymerizing processes of the prior art are 

restricted to polymers whose monomers are compatible 
with layered materials and can be polymerized 
effectively in the presence of the layered material. 
In the process of the present invention, the 
30 compounding entails no special conditions specific to 
selected polymer molecular weight distributions. On the 
other hand, in-reactor processes of the prior art 
require special polymerization conditions for each 
selected molecular weight distribution due to the 
35 effect of a dispersed phase on reaction mixture 

viscosity and polymerization kinetics. Virtually any 
loading of intercalated layered material is possible in 
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swelling/compatibilizing agents of this invention do 
not substantially decompose at melt processing 
temper attires equal to or greater than about 220 into 
lower molecular weight materials which degrade polymers 
5 in the matrix or which are hazardous, either as vapors 
evolved diiring melt processing, or in articles such as 
films in food and drug packing. 

As a further advantage of the present process, 
unreacted monomer can be removed prior to forming the 
10 nanocomposite. This facilitates monomer removal, for 
example by solvent extraction, since dispersed 
particles can interfere with this process. 

Another aspect of this invention relates to a 
composite material comprising a polymeric matrix which 
15 comprises a melt processible polymer having uniformly 
dispersed therein platelet particles having an average 
thickness equal to or less than about 50 A and 
preferably having a maximum thickness equal to or less 
than about 100 A, said platelets having siurfaces which 
20 are compatlbilized with one or more "effective 

swelling/compatibilizing agents" selected from the 
group consisting of cations of the formula: 
■••NHjRi, ■'•NH^RzRa and ^PR^RjI^, wherein: 

Rj is an organic radical having at least about 12 
25 aliphatic carbon atoms; .. 

Rj and R3 are the same or different and are organic 
radicals having at least about 5 carbon atoms; and 

R4, R5, R^ and R7 are the same or different and are 
organic radicals having at least one which has at least 
30 about 8 aliphatic carbon atoms. 

The polymeric compositions of this invention 
exhibit one or more advantages over prior art 
composites as for example those described in U.S. 
Patent Nos, 4,739,007; 2,531,396 and 4,410,734; 
35 Deutsches Pat. 3,808,623 Al; Japanese Patent No. 

02208358A and EPA 0,398,551; 0,358,415; 0,352,042 and 
0,398,551. For example, the composite of this 
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ecpial to or greater than about 225" C, as for example 
between about 225°C and about 325*'C. For nylon 6, a 
temperature of preferably from about 250*^C to about 
2eo°C is normally employed. In the cases of amorphous 
5 thermoplastics and vulcanizable rubbers, it is a 

temperature at which the viscosity is sufficiently low 
that processing of the polymer can be perf onaed by 
conventional means. 

The manner in which the f lowable mixture is formed 
10 is not critical and conventional methods can be 

employed. For example, the f lowable mixttire can be 
prepared through use of conventional polymer and 
additive blending means, in which the polymer is heated 
to a temperature sufficient to form a polymer melt and 
15 combined with the desired amount of the intercalated 

layered material in a granulated or powdered form in a 
suitable mixer, as for example an extruder, a Banbury 
Kixer, a Brabender mixer, a continuous mixer and the 
like. The polymer melt containing nano-dispersed 
20 delaminated layered material may also be formed by 
reactive extrusion in which the layered material is 
initially dispersed as aggregates or at the nanoscale 
in a liquid or solid monomer and this monomer is 
subsequently polymerized in an extruder or the like. 
25 Such monomer or other reactive solid or liquid 
dispersion can be injected into a polymer melt 
containing one or more polymers in an extruder or other 
mixing device. The injected liquid may result in new 
polymer or in chain extension or grafting to the 
3 0 polymer initially in the melt. Alternatively, the 
polymer may be granulated and dry mixed with the 
intercalated layered material, and thereafter, the 
composition may be heated in a mixer until the polymer 
is melted forming the f lowable mixture. As described 
35 above, the f lowable mixture is, in the second step, 

subjected to a shear in a mixer sufficient to form the 



Swellable layered materials are materials 
comprising planar layers arrayed in a coherent, 
coplanar structure, where the bonding within the 
layers, is stronger than the bonding between the layer 
such that the materials exhibit increased interlayer 
spacing in their intercalation compotinds. The 
effective swelling/compatibilizing agents may be 
introduced into the interlayer spaces by either 
insertion, in the case of neutral molecules^ or ion 
exchange, in the case of ions. The effective 
swelling/compatibilizing agents may be introduced in 
the form of a solid, liquid, gas, or solute* The 
effective swelling/compatibilizing agents may be 
introduced into the spaces between every layer, nearly 
every layer, or a large fraction of the layers of the 
layered material such that the resulting platelet 
particles comprise less than about 10 layers in 
thickness. The platelet particles are. preferably less 
than about 8 layers in thickness, more preferably less 

. * 

than about 5 layers in thickness, and most preferably, 
about 1 or 2 layers in thickness. 

Any swellable layered material having the above 
referenced characteristics may be used in the practice 
of this invention. Useful swellable layered materials 
include phyllosilicates. Illustrative of such 
materials are smectite clay minerals such as 
montmorillonite, nontronite, beidellite, volkonskoite, 
hectorite, saponite, sauconite, magadiite, and 
kenyaite; vermiculite; and the like. Other useful 
layered materials include illite minerals such as 
ledikite and admixtures of illites with the clay 
minerals named above, other useful layered materials, 
particularly useful with anionic polymers, are the 
layered doxible hydroxides, such as Mg^Alj^COH) 183(003) 
HjO (see W.T. Reichle, J. Catal. , 94 (12985) 547), 
which have positively charged layers and exchangeable 
anions in the interlayer spaces. Other layered 
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performance of the intercalated layered material in the 
practice of this invention and inter layer spacing must 
be sufficiently large to allow for the desired 
exfoliation of the layers during the process. As used 
5 herein the "inter-^layer spacing" refers to the distance 
between the faces of the layers as they are assembled 
in the intercalated material before any delamination 
(or exfoliation) takes place. The preferred clay 
materials generally i;iclude interlayer or exchangeable 
10 cations such as Na*, Ca+^, Mg+^ and the like. In 

this state, these materials do not delaminate in host 
polymer melts regardless of mixing, because their 
interlayer spacings are usually equal to or less than 
about 4 A consequently the Interlayer cohesive energy 
15 is relatively strong. Moreover, the metal cations do 
not aid compatibility between layers and the polymer 
melt. In the preferred embodiments, these layered 
materials are intercalated by swelling agents of 
sufficient size to increase interlayer spacing to the 
20 desired extent. In general,, the interlayer spacing 
should be at least about 4 A, as determined by x-ray 
diffraction, in order to facilitate delamination of the 
layered material at the nanoscale* In the preferred 
embodiments of the invention, the interlayer spacing is 
25 at least about 6 A and more preferred interlayer 
spacings are at least about 8 A. Most preferred- 
inter layer spacings are equal to or greater than about 
10 A. In the embodiments of choice interlayer spacings 
are at least about 15 A. 
30 In order to further facilitate delamination of 

layered materials into platelet particles and prevent 
reaggregation of the particles, these layers are 
Intercalated by the effective swelling/compatibilizing 
agents of this invention. These agents consist of a 
35 portion which bonds to the surface of the layers and 

another portion which bonds or interacts favorably with 
the polymer in the matrix. The agent of this invention 
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Ri is an organic radical having at least about 12 
aliphatic carbon atoms; 

R2 and R3 are the same or different and are organic 
radicals having at least about 5 carbon atoms; and 
5 R5/ and R7 are the scune or different and are 

organic radicals of which at least one has about 8 
aliphatic carbon atoms. 

Such ammonium and phosphonium radicals are well 
known in the art and can be derived from the 
10 corresponding amines and phosphines using conventional 
processors . 

Illustrative of such suitable Ri, R2, R3, R4, R5, 
AND R7 groups are suitable organic radical as for 
example alkyl, such as methyl^ ethyl, octyl, nonyl, 
15 tert-butyl, neopentyl, isopropyl, sec-butyl , dodecyl 
and the like; alkenyl such as 1-propenyl, 1-butenyl, 
1-pentenyl, 1-hexenyl, 1-heptenyl, 1-octenyl and the 
like; alkoxy such as propoxy, butoxy, methoxy, 
isopropoxy, pentoxy, nonoxy, ethyoxy, octoxy, and the 

20 like; cycloalkenyl such as cyclohexenyl, cyclopentenyl 
and the like; alkanoylalkyl such as butanoyloctadecyl, 
pentanoy Inonadecy 1 , octanoyl pentadecyl,. 
ethanoy lundecyl , propanoyl hexadecyl and the like; 
amino; aryl such as phenyl, naphthyl and the like; 

25 alkylaryl such as nonylphenyl, octylphenyl tert- 
butylphenyl and like; alky laminoa Iky 1, such as 
methylamino octadecyl, ethylamino pentadecyl, 
butylamino nonadecyl and the like; dialkylaminoalkyl, 
such as dimethylamino octadecyl, methylethylamino 

3b nonadecyl and the like; arylaminoalkyl such as 

phenylamino octadecyl, p-methylphenylamino nonadecyl 
and the like; diary laminoalkyl/ such as diphenylamino 
pentadecyl , p-nitr opheny 1-p ♦ -methy Ipheny lamino 
octadecyl and the like; alky lary laminoalkyl, such as 

35 2-phenyl-4-methylamino pentadecyl and the like; 

alkylsulfinyl, alkylsulf onyl, alkylthio, arylthio, 
arylsulfinyl, and arylsulfonyl such as butylthio 
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swelllng/compatlbillzlng agents are reacbive with a 
polymeric componenl: in the polymer to form covalent 
bonds between matrix the swelling/ compatibili zing agent 
and the polymeric component, or, in the case of 
5 secondary ammoniiua cations and cjuatemary phosphonium 
cations may include both reactive and non-reactive 
moieties. Useful reactive swelling/compatibilizing 
agents includes one or more substituents selected from 
the group consisting of organic radicals which are 
10 compatible with the polymer forming the composite and 
which has substituents which are reactive with the 
polymer such as nucleophilic or electrophilic moieties 
which are capable of electrophilic or nucleophilic 
displacement reactions coupling and ring opening 
15 reactions and the like as for example amino, carboxy, 
carboxylic acid, oxide, alkenyl, acelylene, 
acylhalide, acyloxy, hydroxy, isocyanato, ureido, halo, 
epoxy, epichlorohydrin, sulfuryl halide, mercapto, 
ester, and the like, 
20 Swelling/compatibilizing agents containing reactive 

substituents are well known in the art and are 
selected for particular classes of matrix polymers 

m 

based on the reactivity and specifically of the 
reactive moiety. For example polyamides are acid 

25 terminated and/ or amine terminated and polyesters are 
acid terminated or hydroxy terminated. Thereof, 
reactive function groups which react with acid, amine 
or hydroxy functions to form covalent bonds can be 
conveniently used with polyesters and polyamides. 

30 Specific reactive functions such as -NHj, -N=C=0, - 
CONH2, -OH, G-M-*" (where M is a metal cation), -C(0)X 
(where X is CI, Br, or I) and the like in the reactive 
silane compoxind react with reactive functionalities 
contained in polyesters and polyamide. Similarly, 

35 swelling, compatibilizing agents of this invention 

containing functions such as -NHj, CHj-X (where X is CI, 
Br or I), -CH2=CH2,-SH, 511+ (where M"*" is a metal cation 
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that are polymer-reactive are protonated 11- 
(hexylamino) undecanoic acid and bis(8-hexanol> amine. 

Organic radicals preferred in phosphonium cations 
are disclosed in U.S. Patent No. 4,136,103. They 
5 preferably include at least one having 8 or more 
carbons. More preferably, they include at least 2 
groups of 8 or more carbons or at least one group of 16 
or more carbons. Most preferably they include at least 
one group of 18 or more carbons. Illustrative of these 
10 phosphonium cations are octyltributylphosphonium, 
hexadecyltributylphosphonium and 

vinylbenzyltriethylphosphonium. One or more of the 
moieties may be polymer-reactive. Illustrative of 
preferred phosphonium cations having reactive moieties 

15 are bis-(dimethylcuainopropyl) dodecyl is 
obutylphosphonium and bis- (hydroxypropyl) 
octadecylisabutyl phosphonium) . 

The swelling/compatibilizing agents are preferably 
selected from the group consisting of primary and 

20 secondary ammonium cationic complexes of the formula: 

+NH3R1 or ■'•NHiRaRj 

wherein: 

Rj is an aliphatic radical having at least about 15 
aliphatic carbon atoms, said radical optionally 

25 including one or more heteroatoms, carbonyl functions 
or a combination thereof; and 

R2 cind R3 are the same or different and are 
aliphatic radicals having at least about four aliphatic 
carbon atoms, or R2 and R3 together may form a divalent 

30 alipahtic chain having at least about four aliphatic 
carbon atoms forming an alicyclic structure, said 
radical or chain optionally including one or more 
heteroatoms, carbonyl function or a combination 
thereof. 

3 5 In the preferred embodiments of the invention Rj is 

an aliphatic radical having at least about 18 carbon 
atoms, said aliphatic radical optionally includes one 
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Layered material may be derivatized by a single 
swelling/compatibilizing agent of this invention, or by 
a mixture of such agents, or by a mixture of one or 
more thermally stable onium cations with one or more 
5 other swelling/compatibilizing agents such as one or 
more organo silanes or (quaternary or tertiary ammonium 
radicals as for example such swelling/compatibilizing 
agents which have moieties which are compatible with 
and which are optionally reactive with the polymer 

10 forming the matrix. In the preferred embodiments of 
the invention the moieties are such that the swelling 
and compatibilizing agents are lipophilic such that the 
surface tension, at 20 "C, or the derivatized particle 
is preferably less than or equal to about 55 dyne /cm. 

15 More preferably, between about 55 and 15 dyne/ cm, and 
preferably between 45 and 2 0 dyne/ cm, as determined by 
measuring the contact angles made by sessile drops of 
liq[uids on the solid surfaces. 

Illustrative of such optional onium compounds are 

20 oxonium compounds^ of the formula: 

wherein is a tertiary or quaternary ammonium radical 
and Rj4 is an radical as for example substituted or 
unsubstituted alkyl, cycloalkenyl, cycloalkyl, aryl, or 

25 alkylaryl, either tinsubstituted or substituted with 

amino, alkylamino, dialky lamino , nitro, azido, alkenyl, 
alkoxy, cycloalkyl, cycloalkenyl, alkanoyl, alkyl thio, 
alkyl, aiTTloxy, arylalky lamino, alkylamino, arylamino, 
dialkylamino, diarylamino, aryl, alkylsulf inyl, 

30 aryloxy, alkylsulf inyl, alkylsulfonyl, arylthio, 
arylsulfinyl, alkoxycarbonyl, arylsulf onyl, 
alkylsilane> and a moiety of the formula: 

(-ZCH2-CR15) q-ZR,6 
wherein Rjg is alkyl, cycloalkyl, or aryl, R15 is 
35 hydrogen, alkyl, or aryl, q is an integer equal to or 
greater than l and Z is -O- or -NR„-, where R,7 is 
hydrogen, alkyl, aryl or alkylsilane. Illustrative of 
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cOaout: 200 nunole/100 g. In the case of the preferred 
smectite clay minerals, the more preferred amounts are 
from about 80 mmole/100 g to about 120 mmole/lOO g of 
layered material. 
5 Swellable and polymer-compatible intercalated 

layered material can be formed by any method. 
Preferably such materials are formed by intercalation 
of suitable agents or agents in the interlayer spaces 
of the swellable layered material by any suitable 
10 method. The swelling /compatibilizing agents are 

introduced into the interlayer spaces of the swellable 
layered material by any suitable method as , for 
example, by either insertion of neutral molecules or by 
ion excheunge with ionic molecules, using conventional 
15 procedures. Insertion of neutral molecules may be 

performed by exposing finely divided layered material 
to intercalants in the form of a gas, neat liquid, 
finely divided solid, or solute in a solvent which, 
preferably swells the layered material. Insertion is 
20 generally aided by exposure of the mixture of 

intercalant and layered material to heat, ultrasonic 
cavitation, or microwaves. Ion exchange by ionic 
molecules may be performed by suspending the layered 
material in a relatively volatile liquid which is 
25 capable of both exfoliating and dispersing the layers 
of the intercalated layered material and dissolving a 
salt of the ionic intercalant as well as the resulting 
salt of the ion displaced from the layered material 
(e.g. , Na*, Mg*^, Ca"**^) , adding the salt of the ionic 
3 0 intercalant, and removing the layered material (now 
complexed with the new intercalant) from the liquid 
(now containing the dissolved salt of the displaced 
ion) • For example, swellable layered minerals such as 
montmorillonite and hectorite (having primarily Na"*" 
35 cations in the interlayer spaces) intercalate water to 
the point that the layers are exfoliated and dispersed 
uniformly in water. Dispersion in water is generally 
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dloxane, glyme, diglyme, dimethyl sulfoxide, 
methy lethy Iketone , and the like, or by treating an 
aqueous suspension of a layered material with water- 
soluble silane coupling agents such as trialkoxysilanes 
5 followed by interaction with an agent of this 
invention. In the preferred embodiments, silane 
intercalated swellable/polymer compatible intercalated 
layered material is formed as follows: Layered 
materials intercalated with the 
10 swelling/compatibilizing agent of this invention, 

preferably prepared as described above are suspended 
and swollen in a swelling organic liquid and treated 
with a trialkoxysilane. For example, montmorillonite 
intercalated with octadecylammonium cation ,^ at about 8 0 
15 mmole of ammonium cation/100 g mineral, is combined 

with dioxane to form a 5% by weight suspension which is 
heated to 60 and combined with a dioxane solution of 
aminoethylaminopropyl trimethoxysilane, such that the 
ratio of silane to mineral is about 20 mmole/lOO g. 
20 The silane displaces the ammonium cation quantitatively 
to form a mixed intercalated layered material having 
about 60 mmole of ammonium cation and 20 mmole of 
silane per 100 g of mineral layers. 

In the preferred embodiments of this invention, 
25 swellable and polymer-compatible intercalated layered 
compoxmds include montmorillonite (Gelwhite HNF, 
Southern Clay Products) complexed with 
octadecylammonium cation (100 lamole/lOO g mineral) , 
montmorillonite complexed (Volclay, American Colloids 
Company) with dipentylammonium cation (lOO mmole/lOO 
g) , synthetic hector ite (Laponite S, Laporte 
Industries) complexed with dioctylammonium cation (80 
mmole/lOO g) , commercially available organo clay 
(Clay tone APA*^, Southern Clay Products) , 
montmorillonite complexed with octadecylammonium cation 
(about 80 mmole/g) and derivatized with 
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gamma phase) or limit spherulite size which reduces 
haze and increases optical clarity. In general, the 
amount of material employed is less than about 60% by 
weight of the mixture. The amount of material employed 
5 is preferably from about 0.01% to about 20 % by weight 
of the mixture, more prefersO^ly from about 0.05% to 
about 10% by weight of the mixture, and most preferably 
from about 0.05% to about 8% by weight. 

The second essential ingredient of the f lowable 
10 mixture is a melt processible polymer. Polymers for 
use in the process of this invention may vary widely, 
the only requirement is that they are melt processible. 
As used herein, a "polymer" is a siibstance composed of 
ten or more recurring monomeric units which may be the 
15 same or different which is melt processible, preferably 
at a temperature equal to or greater than about 220 "C, 
preferably equal to or greater thana bout 230 "C, more 
prefereQ^ly from about 230* to about 320 'C, and most 
preferably from about 240' to about 290 In the 
20 preferred embodiments of the invention, the polymer 
includes at least twenty recurring monomeric units* 
The upper limit to the number of recurring monomeric 
units is not critical, provided that the melt index of 
the polymer under use conditions is such that the 
25 polymer forms a f lowable mixture. More preferably, the 
polymer includes at least about 30 recurring monomeric 
units. In the most preferred embodiments of this 
invention the number of recurring units is such that 
the polymer has a melt index of from about 0.01 to 
30 about 12 grams per 10 minutes at the processing 
temperature . 

Useful polymers are thermoplastic polymers or 
mixtures thereof, and vulcanizable and thermoplastic 
rubbers. Thermoplastic resins for use in the practice 
35 of this invention may vary widely. Illustrative of 
useful thermoplastic resins are polylactones such as 
poly (pivalolactone) , poly (caprolactone) and the like; 
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p-.iymerl2ation product of diols such as glycerin, 
trimethylol-propane , 1/2, 6-hexanetriol, and the like 
with a polyisocyanate such as 2,4-tolylene 
diisocyanate, 2,6-tolylene diisocyante, 4,4 
5 diphenylinethane diisocyanate, 1, 6-hexainethylene 

diisocyanate, 4 , 4 • -dicycohexylmethane diisocyanate and 
the like; and polysulfones such as the reaction product 
of the sodium salt of 2,2-bis(4-hydroxyphenyl) propane 
and 4 , 4 • --dichlorodiphenyl sulfone; furan resins such as 
10 poly (furan); cellulose ester plastics such as cellulose 
acetate, cellulose acetate butyrate, cellulose 
propionate and the like; silicones such as 
poly (dimethyl siloxane) , poly (dimethyl siloxane) , 
poly (dimethyl siloxane co-phenylmethyl siloxane), and 
15 the like; protein plastics; and blends of two or more 
of the foregoing. 

Vulcanizable and thermoplastic rubbers useful in 
the practice of this invention may also vary widely. 
Illustrative of such rubbers are brominated butyl 
20 rubber, chlorinated butyl rubber, polyur ethane 

elastomers, f luoroelastomers, polyester elastomers, 
butadiene/ aery lonitrile elastomers, silicone 
elastomers, poly ( butadiene) , poly(isobutylene) , 
ethylene-propylene copolymers, ethylene-propylene-diene 
25 terpolymers, sulfonated ethylene-propylene-diene 
terpolymers, poly(chloroprene) , poly (2,3- 
dimethylbutadiene) , poly (butadiene-pentadiene) , 
chlorosulphonated poly (ethylenes) , poly (sulfide) 
elastomers, block copolymers, made up of segments of 
30 glassy or crystalline blocks such as poly ( sty rene ) , 

poly (vinyl-toluene) , poly(t-butyl styrene) , polyester 
and the like and the elastomer ic blocks such as 
poly (butadiene) , poly ( isoprene) , ethylene-propylene 
copolymers, ethylene -butylene copolymers, polyether 
35 ester and the like as for example the copolymers in 
poly (styrene) -poly (butadiene) -poly (styrene) block 
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skill in the art, accordingly, only the preferred 
optional components will be described herein in detail. 

In the second step of the process of this 
invention, the flowable mixture is subjected to a shear 
5 having an "effective shear rate". As used herein, an 
"effective shear rate" is a shear rate [as shear rate 
is defined in Ferdinand Rodriguez, "Principles of 
Polymers Systems", McGraw-Hill Book Company, New York 
(1982) ] which is effective to delaminate at least about 
10 90% by weight of the intercalated material to form 
platelet particles described above, and provide a 
composition comprising a polymeric matrix having 
platelet peurticles siibstantially homogeneously 
dispersed therein. In the preferred embodiments of the 
15 invention, the shear rate is greater than about 10 sec 

In these preferred embodiments of the invention, 
the upper limit for the shear rate is not critical 
provided that the shear rate is not so high as to 
physically degrade the polymer. In the particularly 
20 preferred embodiments of the invention, the sheeur rate 
is from greater than about 10 sec*' to about 20,000 sec* 
^, and in the most preferred embodiments of the 
invention the shear rate is from about 100 sec' to 
about 10,000 sec'. 
25 Any method which can be used to apply a shear to a 

flowable mixture or any polymer melt can be used.* The 
shearing action can be provided by any appropriate 
method, as for example by mechamical means, by thermal 
shock, by pressure alteration, or by ultrasonics. 
30 Methods useful in shearing melts are known in the art, 
and will not be described in great detail. In 
particularly useful procedures, the flowable polymer 
mixture is sheared by mechanical methods in which 
portions of the melt are caused to flow past other 
35 portions of the mixture by use of mechanical means such 
as stirrers, Banbury® type mixers, Brabender® type 
mixers, long continuous mixers, and extrudes. Another 



matrix* As used herein, "platelet particles" are 
particles having two relatively flat opposite faces 
wherein the thickness of which is the distance between 
the faces, which is relatively small compared to. the 
5 size of the faces. As formed by this process, the 
platelet particles dispersed in matrix polymers have 
the thickness of the individual layers, or small 
multiples less than about 10, prefereibly less than 
about 5 and more preferably less than about 3 of the 
10 layers, and still more preferably i or 2 layers* In 
the preferred embodiments of this invention, 
intercalation of every interlayer space is complete so 
that all or substantially all individual layers 
delaminate one from the other to form separate platelet 
15 particles. In cases where intercalation is incomplete 
between some layers, those layers will not delaminate 
in the polymer melt,^ and will form platelet particles 
comprising those layers in a coplanar aggregate. These 
latter platelet particles still constitute nanoscale 
20 and nanodispersed fillers and provide enhanced 
properties over and above those provided by 
conventional micro-scale fillers, as long as they are 
less than about 10 layers thick and preferably less 
than 5 layers thick. The other dimensions of the 
15 platelet particles may vary greatly, but in the case of 
Particles derived from clay minerals, the particle 
faces are roughly roimd or oblong having average 
diameters between about 10,000 A and about 50 A, such 
that the aspect ratio length/thickness ranges from 
0 about 1000 to about 1. For the purposes of the present 
invention, the average diameter is defined as the 
diameter of a circle having an area equal to the 
surface area of one broad surface face of the platelet 
shaped particle. The average diameter is determined 
5 from particle surface area as measured with a Leitz 
Texture Analyzer System in a fully computerized and 
automated' mode • In the preferred embodiments of the 
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c.;:i'&ermlned from es1:lmates based on transmission 
electron microscopy. 

The process of this invention is preferably carried 
out in the absence of air, as for example in the 
5 presence of an inert gas, such as, argon, neon, 

nitrogen or the like. The process can be carried out 
in a batchwise or discontinuous fashion, as for 
example, carrying out the process in a sealed 
container. Alternatively, the process can be carried 
10 out in a continuous fashion in a single processing 

zone, as for example by use of an extruder, from which 
air is largely excluded, or in a plurality of such 
reaction zones in series or parallel. 

The nanocomposites of this invention exhibit useful 
15 properties which are superior to those predicted by 
U.S. Patent Nos. 4,739,007 and 5,810,734. Various 
useful performance indices can be devised in order to 
jointly assess different performemce aspects using a 
single number. Depending upon the nature of the 
20 devised index, comparisons can be made either between 
samples containing the same loading of layered material 
or the index can be more broadly applied to polymers 
having different loadings of clay. For example, the 
effect of adding nanoscale particulate fillers 
25 dispersed platelet particles to a polymer typically 

increases tensile modulus and ultimate tensile strength 
while decreasing ultimate elongation. In the case 
where combinations of high modulus (Y) and high 
ultimate elongation (aL/L) are required, a useful 
30 performance index for comparing samples with similar 

particulate loading is Y(aL/L). Likewise, when tensile 
strength (S) combined with high ultimate elongation is 
sought, a useful performance index for comparing 
samples with similar loading levels is S(aL/L). The 
35 preferred embodiments of the present invention provide 
a y(AL/L) of above about 660 MPa (preferably equal to 
or greater than about 800 MPa more preferably equal to 
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only weakly bonded to the matrix polymer. This 
function is best performed by secondary ammonixm 
compoiuids of the formula "*^NH3R, primary ammonium 
compounds of the formula: '*"NH2R2R3 and quaternary 
5 phosphonium compounds of the f oraula ^PK^Rs^i^y of the 
type having a lipophilic moiety such that the surface 
tension, at 20*C, of the derivatized particle is less 
than about 55 dyne/cm, preferably between about 55 and 
15 dyne/cm, and more preferably between about 45 and 20 
10 dyne/cm, as determined by measuring the contact angles 
made by sessile drops of liquids on solid surfaces. 
Illustrative of these preferred secondary ammoniiom 
compounds, primary ammonixim compoxmds and quaternary 
phosphoniim of the formula: 
15 ^NHaR,, NH2R2R3 or "»^PR4R^R7 

wherein R^, at least one of Rj and R3 or at least one of 
K4/ R5/ ^ and R7 is alkyl, alkenyl, cycloalkyl, 
alkoxyalkyl, alkynyl, phenylalkyl, alkoxyphenyl, 
alkenylphenyl, phenylalkenyl , phenyalkyny 1 , 
20 alkynylphenyl or the like, preferably alkyl which 

include sufficient number of aliphatic carbon atoms 
such that the radical on the particle has a surface 
tension at 20 'C of less than about 55 dyne/ cm. 

The nanocomposite compositions according to the 
25 invention are thermoplastic and, in some cases, 

vulcanizable materials from which molded articles of 
manufacture having valuable properties can be produced 
by conventional shaping processes, such as melt 
spinning, casting, vacuum molding, sheet molding, 
3 0 injection molding and extruding. Examples of such 

molded articles are components for technical equipment, 
apparatus castings, household equipment, sports 
equipment, bottles, containers, components for the 
electrical and electronics industries, car components, 
35 circuits, fibers, semi-finished products which can be 
shaped by machining and the like. The use of the 
materials for coating articles by means of powder 
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preferably from about 20 to about 100 microns and most 
preferably from about 25 to about 75 microns in 
thickness • in the film, the major plane of the 
platelet fillers is substantially parallel to the major 
5 plane of the film^ The extent of peorallelism of 

particles and film can be determined by X-ray analysis. 
X-ray analysis is a useful way to described the 
carystallinity and orientation of polymer crystals and 
the orientation of platelet particles. A convenient 
10 method of X-ray analysis is that described in Hernans, 
P*H. and Weidinger A., Makromol chemie ^ Vol. 44, pp. 
24-36 (1961) , hereby incorporated by reference. 

For the purpose of the present invention Op, the 
platelet orientation factor, is an indication of the 
15 platelet particle orientation in the film. The Op was 
determined by making azimuthal scans from densitometer 
tracings of the X-ray photographs which were obtained 
by exposing the edge of the film to the incident X- 
rays. The angle is the angle between the reference 
20 direction, the nomal to the film, and the normal to 

the plane of interest, the major plane of the platelet. 
The op values were calculated as the average cosine 
square (<oos^>) for the normal to the flat faces of the 
platelet particles. An Op of 1.0 indicates that the 
25 faces of the platelets are completely parallel to the 
plane of the film. An Op of 0.0 indicates that the 
faces of the platelets are perpendicular to the plane 
of the film. The Op of the platelets in the film of 
the present invention is preferably from about 0.70 to 
30 about 1.0, more preferably from about 0.90 to about l.O 
and most preferably from about 0.95 to about 1.0. Such 
preferred orientation of platelet particles results in 
enhanced barrier properties and increased tare 
strength. 

35 The homogeneously distributed platelet particles 

and polymer are formed into a film by suitable film- 
forming methods. Typically, the composition is melted 
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obtained from Southern Clay Products) at about 80 
with high shear mixing. The stoichiometry of the 
exchange reaction was 0.125 mole of the dipentyl 
ammonixim chloride per lOOg of clay. The organoclay 
5 flocculated immediately and, after standing overnight 
at room temperature, was collected by filtration. The 
organoclay was washed 4 times with hot water until free 
of chloride ions, dried in air at 120 "C, ground to pass 
through a 75 micron sieve, and further dried at 120 

10 (full vacuum) for 18 hours just prior to compounding. 

Samples of the montmorillonite-dipentyl ammonium cation 
complex powder were evaluated by thermogravimetric 
analysis at a heating rate of 10 degree c per minute in 
inert atmosphere. The apparent decomposition 

15 temperature and the extent of decomposition during 
heating to 300"C are set forth in Table 1.. 



TABLE 1 

THERMOGRAVIMETRIC ANALYSIS OF 
INTERCAZATED MONTMORILLONITES 



25 



Exp. 


swe 1 1 ing/ compat ibilizing 
cation 


decomposition 
onset 

temperature 
(C) 


weight loss 
between 100 
and 300 *c 
(% of total 
onlum ion 
content } 


1 


dipentyl ammonium 
(secondary) 


275 


5.6 



a. Claytone APA (montmorillonite complex) obtained from 

Southern Clay Products. 

According to the results summarized in Table l, the 

montmorillonite complex of the secondary ammonium 
30 cation was more thermally stable than either the 

t^i^tiary or the quaternary ammoniiam cation complexes. 

The montmorillonite-dipentyl ammonium cation complex 

powder was dry mixed with nylon 6 pellets, and this 

mixture was extruded using a Leistritz twinscrew 
35 extruder ec[uipped with general pvirpose screws. The 
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analysis together with the thermogravimetric results 
from Table 1 of Example 1 are set forth in Table 3. 

TABLE 3 

THERMOGRAVIMETRIC ANALYSTS OF 
iNTERCAIiATEDMONTMORILIiONITES 



Exp* 
NO. 


swelling/ 

compatibilizing 
cation 


decomposition 
onset 

temperature 
(C) 


weight loss 
between 100 
and 300<»c {% 
of total oniuro 
ion content) 


1 


dipentyl 
ammonium 
(secondary) 


275 


5.6 


2 


dimethyldodecyl 
ammonixim 

( tertiary > 


190 


27.8 


3 


quaternary 
alkylammoniunf 


220 


38.5 



from Souther Clay Products. 



COMPARATIVE EJUMVl^B 2 

A nylon 6 nanocomposite of a layered material 
derivatized with an acidic omega-aminoacid cation was 
prepared by compoiinding, in a melt extrusion process, 
nylon 6 with about 3% (w/w) of montmorillite 
derivatized with protonated ll-aminoundecanoic acid 
cation. The montmorillonite complex was prepared, 
compounded, molded and tested according to the 
procedure of Example 1 except that an aqueous solution 
of 11-aminoundecanoic acid hydrochloride was used. The 
results of the tests are set forth in Table 4. For 
comparison purposes, nylon 6 was subjected to analysis 
of ultimate elongation, tensile modulus, tensile 
strength, and heat deflection under load. These 
results, together with comparable data for nylon 6 
having montmori Unite dipentyl ammonium cation complex 
are set forth in the following Table 4. 
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WHAT Ig CLAIMED TSi 

1. Composl-be material comprising a polymer matrix 
which comprises a polymer matrix and dispersed platelet 
particles having an average thickness of less than 50 A 
5 and a maximum thickness of about 100 A, and having an 
onium chemical species bonded to them, said chemical 
species selected from the group consisting of onium 
compounds of the formula: 

"^NHjRi, •♦■NHzRzRs and ^^PI^RjR^ 

10 wherein: 

Rj is an organic radical having at least about 12 
aliphatic carbon atoms and optionally including one or 
more heteroatoms, carbonyl functions or a combination 
thereof ; 

15 Rj and R3 are the same or different at each 

occurrence and are organic radicals at least one of 
which having at least about 5 carbon atoms and 
optionally including one or more heteroatoms, carbonyl 
functions or a combination thereof; and 

20 R4/ R5/ and R7 are the same or different and are 

organic radicals at least one of which has eight or 
more aliphatic carbon atoms and optionally including 
one or more heteroatoms, carbonyl functions or a 
combination thereof, said platelet particles being 

25 present in an amount less than about 60% by weight of 
the composite material. 

2. Composite material of claim 1, wherein said 
platelet particles are derived from phyllosilicates. 

3. Composite material of claim 2, wherein said 
30 phyllosilicates are smectites clay minerals. 

4. Composite material of claim 3, wherein said 
swelling/compatibilizing agent is selected from the 
group consisting of primary and secondary ammonium 
cat ionic complexes of the formula: 

35 +NH3R1 or ^NH^l^j 

wherein: 



7. Composite material of claim 6, wherein said 
polymeric matrix comprises a polyamide, a polyester/ a 
polyolefin, or a combination thereof. 

8. Composite material of claim 7, wherein said 
polymeric matrix comprises poly (ethylene 
terephthalate) , poly (ethylene naphtha 1 ate ) , 
polyethylene, polypropylene , nylon 6, nylon 6,6, nylon 
12 or a combination thereof. 

9. An article of manufacture comprising a body, 
said body fabricated, totally or in part, from a 
composite material comprising a polymer matrix which 
comprises a heat processible polymer and dispersed 
platelet particles having an average thickness of less 
than 50 A and a maximum thickness of about lOO A, and 
having an onivim chemical species bonded to them, said 
chemical species selected from the group consisting of 
onium compounds of the formula: 

•^-NHaRj, +NH2R2R3 and '^PR^Ii^R^^ 

wherein : 

. Ri is an organic radical having at least about more 
12 aliphatic carbon atoms and optionally including one 
or more heteroatoms, carbonyl functions or a 
combination thereof; 

R2 and R3 are the saune or different at each 
occurrence and are organic radicals having at least 
about 5 carbon atoms and optionally including one or 
more heteroatoms, carbonyl functions or a combination 
thereof; and 

R4/ R5, R^ and R7 are the same or different and are 
organic radicals at least one of which has 8 or more 
aliphatic carbon atoms and optionally including one or 
more heteroatoms, carbonyl functions or a combination 
thereof, said platelet particles being present in an 
amount less than about 60% by weight of the composite 
material. 
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